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A. EFFECTS OF ELECTRIC STIMULATION OF THE CROSSED
OLIVOCOCHLEAR BUNDLE ON COCHLEAR MICROPHONIC
POTENTIAL
Electric stimulation of the efferent on "feedback" fibers forming the crossed-
olivocochlear bundle (COCB) can increase the amplitude of cochlear microphonic poten-
tial (CM).1 In the hope of providing some insight into the workings of the cochlea we
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have investigated this phenomenon further.
Barbiturate-anesthetized cats with severed middle-ear muscles were monaurally
stimulated with 1 ms duration bursts of 0. 75, 1. 0, 2. 0, 4. 0, and 8. 0 kHz tones. Evoked
responses were recorded with a wire electrode placed on the surface of the cochlea
near the round window and averaged on a computer. CM and neural components of
the response were distinguished by their latencies, and CM was measured peak-to-peak.
Electric shocks to the COCB were delivered near the facial genu and the shock param-
eters were set for maximum effect on the neural response.
Changes in the magnitude of CM following COCB stimulation varied with the fre-
quency and intensity of the acoustic stimuli and ranged from an increase of ~6 dB to a
decrease of -4 dB. In most cases CM increased a few dB. In the low-intensity range
at 0. 75 and 1. 0 kHz, CM augmentation increased as sound intensity increased. In the
one case in which we have fairly reliable data extending to moderately high sound inten-
sities (at 0. 75 kHz), the augmentation was almost zero at the lowest sound intensity
tested, increased to 6 dB as the sound intensity was increased 35 dB, and then decreased
to less than 1 dB at sound intensities 10-30 dB higher. At 2. 0, 4. 0, and 8. 0 kHz, changes
in CM were smaller than 4 dB in either direction and we did not discern any systematic
relation to acoustic intensity or frequency.
In summary, we have found that the augmentation of CM varies with acoustic inten-
sity and frequency, can be as much as +6 dB, and may even be negative. A more detailed
report of our results may be found in Frost's thesis. 2
D. O. Frost, J. J. Guinan
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B. SYSTEM FOR DISPLAYING CALIBRATED VELOCITY WAVEFORMS
OF STRUCTURES IN THE EAR USING THE MOSSBAUER EFFECT
1. Introduction
1-4
Recently, three laboratories have reported measuring the velocity of structures
in the ear utilizing the M6ssbauer effect. We report here a method that is basically the
same as that of Gilad, et al. , with the additional development of a computer system
that displays on-line a calibrated velocity waveform. It is intended that this system be
used in studying mechanical signals in the middle and inner ear.
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The essential components of the system are indicated in Fig. X-lb. A small piece
of cobalt 57 is placed on the structure whose velocity is to be measured. The gamma
radiation emitted by this source is detected after passing through an iron 57 absorber.
Because of the resonant absorption of the M6ssbauer effect and the Doppler shift in the
energy of the emitted photons, the counting rate R is a minimum at the "resonant" veloc-
ity V. (Fig. X-la). The shape of this curve is described by the formula in Fig. X-la.
1 5In our previous use of this method photon counts were accumulated in a set of reg-
isters that are gated to the process R(t) for time intervals that are synchronized
with the stimulus repetitions. The resulting set of numbers is divided by the number
of stimulus repetitions and displayed on-line to give an estimate of a function that
is proportional to R(t). If the velocity amplitude is small enough, the waveform
will be proportional to v(t). Difficulties are encountered, however, in determining
the calibration factor v/R when a small piece of source material is placed in the ear.
Since the source material is obtained by plating 57Co on palladium, the source radiation
varies with direction. Because of the small size of the source and the anatomical
arrangement of the structures on which it is placed, it is not possible to control pre-
cisely the orientation of the source relative to the detector. Hence we must take
into account variations of the parameters a, r, V i , R  that might occur for different
geometrical arrangements of the source, absorber, detector, and intervening mate-
rials. The calibration must therefore be performed for each case with the source and
detecting equipment in place.
2. Method
The basic assumptions of our method are that R and v are related by the formula
in Fig. X-la and that the isomer shift V. is not affected by the arrangement of the source1
and detector. The parameters a, R o, and F have been found to depend on the angle
of the source plane with respect to the detector and on intervening material such as
flesh or bone.
The scheme involves two steps: (i) Calibration Procedures, and (ii) Velocity
Display. In the calibration procedure the parameters a, F, and R, are determined;
the velocity display uses these parameters and the formula to convert count-rate
into velocity.
We can determine a and F from the rates Ro, Rr', and R 0 (see Fig. X-la). The
calibration procedure entails measuring these three rates and storing them in the
computer for use in the velocity display. R  is determined as indicated in Fig. X-2.r
The horizontal location of the upward-pointing arrow is adjusted by the operator to
be approximately under the minimum of the waveform. The computer then deter-
mines a parabola that fits (with the least-square error) the points in an interval
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a a /Rao = PERCENT EFFECT
F = HALF-WIDTH AT HALF-HEIGHT
V. = ISOMER-SHIFT VELOCITY
(b)
(a) Graphical and algebraic description of the relation of counting
rate, R, and velocity, v.
(b) Diagram of equipment involved in the velocity-measuring sys-
tem.
Fig. X-2.
Averaged counting rate vs time with
oidal velocity at 500 Hz. The
amplitude is approximately 5 Vi, so1
a sinus-
velocity
that the
counting rate goes through the resonant
velocity (twice in each cycle). Each dot
represents an average obtained in a 0. 50 p.s
interval. Counts were accumulated over
250, 000 repetitions of the stimulus. The
minimum value of the parabola fitted by the
computer is displayed in the lower right
(933 counts per second). The pointer on the
left-hand side indicates the level of this
rate. The total time required to obtain this
display is 2 X 250,000/500 = 1000 s = 17
min. (The factor of 2 results because the
computer triggers only on every other peri-
od of the stimulus.)
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centered on the arrow. The number of points to be fitted is chosen by the operator.
The minimum value of the parabola is indicated by the marker on the left-hand side
of the display and the corresponding rate, which is the estimate of R r , is displayed below
the raster.
The zero velocity rate, Ro, is estimated by determining an average rate with no
motion of the source. The large velocity asymptote, R.e, can be estimated either from
the average rate obtained with
v= V sin ct and V >> F,
or by using the pointer method of Fig. X-2 to designate a point where R z Ro.
After these three parameters have been estimated, estimates of R(t) can be converted
to velocity by performing the calculation
v. R -R R.-RJ O o ] r
S1+V.R -R R -R.'
I O r 0O j
th
where R. is the average rate in the j interval, and v. is the corresponding velocity.
This calculation is the solution of the formula in Fig. X-la for the velocity, with a and
F replaced by
R -R
m0 r
a= R
0oo
and
R 00 -0
2 
R 
-
R
Since a given rate corresponds to 2 values of velocity, there is an inherent ambiguity
in the solution for v. In general, v can be determined only if it is assumed that v > V..
For the materials that we have used ( 57Co in palladium and 57Fe in stainless steel),
V.i = 0. 25 mm/s. It is also clear that difficulties will occur when v - V. is small, since
then there will be some rate estimates, R., that are less than the estimate of the res-
onant rate, R . In order to identify these points, they are placed on the bottom line
in the computer display.
3. Test of the System
To test the system, velocity waveforms were determined with a source mounted
on the cone of a loudspeaker. The detector was placed either in front of the source
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or behind it. This represents the most extreme change in the geometrical arrange-
ment of source and detector that might be expected in the ear. Comparison of the param-
eters for the two cases (see Fig. X-3) indicates that there is a change in the shape of the
curve (a and F change significantly) in addition to the change in scale (Re). The veloc-
ity display takes these changes into account, and the waveforms are not significantly
different for the two arrangements (except for 1800 phase shift). On the other hand, the
magnitude of the rate waveform changes for the two arrangements by a factor (approxi-
mately 3) which is much larger than the change in R.
RATE VELOCITY
DISPLAY
DETECTOR IN
FRONT OF SOURCE
Rn =1292/s Z +lVi;
F = 2.3 V. 992 . .
, u 992 0
a= 0.26 T
V i = 0.
2
5 mm/s - iv
i
DETECTOR
BEHIND SOURCE
Rco =742/s +IVi
F = 2.7 VI 0 624 *. i 624 0
a =0.18 T
V. =0.25 mm/s 8
3 ms 3 ms
Fig. X-3. Computer waveform displays for two locations of the detector. The
computed values of the parameters a, Ro, and F, are indicated for
both locations. The two displays on the right-hand side represent
the output of the velocity display for the two locations of the detector.
(The 1800 phase shift results from the reversal of location of the
detector relative to the velocity). The left-hand displays show that
the amplitude of the rate waveform changes by approximately a fac-
tor of 3, which is consistent with the changes in R , a, and F.
In the velocity display the calibration is given in terms of V.. The value of V.
1 1
(0. 25 mm/s) can be determined from measurements supplied by the manufacturer. This
figure was checked by comparing velocity displays with displacement measurements
made under stroboscopic illumination and with the output of an accelerometer.
Although a systematic set of measurements has not been completed, measurements
at half-decade intervals from 10 Hz to 10 kHz indicate rough agreement between
methods.
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Fig. X-4. Velocity displays for 3 sinusoidal velocity levels,
10 dB apart. Total averaging time is indicated.
The source strength and location were such that
R 1 000 counts/second. Other parameters are
as in the upper section of Fig. X-3. Each inter-
-3
val is 84 ks long. VI = V i , and MVI = V X 10
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In the measurement system used by Johnstone, Taylor, and Boyle 3 and by Rhode,4
V i = 0 has been used, and the velocity magnitude has been determined from the mean rate
R(t). With this method useful measurements can be made over a maximum range
of velocities of ~30 dB. The method presented here can be used theoretically for
as small a velocity as desired; for a given sampling interval, however, the time
required to obtain a given signal-to-noise ratio in the velocity display is approximately
inversely proportional to the square of the signal level. The examples shown in Fig. X-4
illustrate this for three different signal levels. In going from the center display to the
lower display the signal decreased approximately by a factor of 3. Although the aver-
aging time was increased by 4. 5, the signal-to-noise ratio is smaller in the lower dis-
play. The absolute time required depends on the density of the source material, the size
of the source that can be placed on the ear structure that is to be measured, the distance
from the source to the detector, and the velocity signal. The values shown in Fig. X-4
are probably of the order of magnitude that can be obtained in the ear. Hence there are
limitations on the velocities that can be measured which result from the length of time
that is available for the measurement.
G. K. Lewis, W. T. Peake
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